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Sputter yields }Iavc bcc.n measured for chcnlically-
vapor dcpositcxl pol ycrystall inc dianlond, carbon-carlron
composite, and nmlybdcnum subjc.ct  10 bonlbmimcnt wi[h
xcmn ions at 150, ?50, 500, and 750 c.lc.clron volls. ‘1’hc
yields for molybdenum and carbon-caltmn incrc:isc(l
n~onolonical]y  wilt) c.ncrsy, a s  c.xpc.clcd,  wilt] values
ranging from 0.36 al 150 cV to 1.4 al “150 c.V for ttlc
nlolybdcnum and ().1 3 to 0.2.6 for the c:lrl){)ll-c:lrl)oll. “J’l]c
yickl for lhc polyclys[allinc dianlond was 11(~11-lllo]]c)lotlic”
in cne.rgy, due mosl Iikcly 10 the surface l(qmgra~)lly. ‘1’hc.
diarncmd yield ranged from ().1? to 0.33 o)’cr [hc range of
cmrgics invcstigalc41.

j, hn~r~lu~ligrl

In rcccnt years there has txxr] significant progrc.ss  Inadc in
the production of chemically vapor dc~msilcd (CVI))
diamond films. lnqmvcmnts  in quality, rcpoducibili(y,
and growd~ rates (> 10 mm hr- 1 ) bavc nmlc diamond films
atlraclivc for a variety of ap})lications in the fields of
ctcclronics, optics, and tritrology, among olhcrs [ 1]. Or)c
~mtcntial  applica[iol) u n d e r  cvaluatior)  at t h e  Jc.t
Propulsion laboratory invo]vcs [hc use. of diarrlond films
as coalings  for ion accdcr:itor clcclrodcs which arc subjert
to sputlcr erosion ~2?]. While much has been published in
lIIC. CVIJ  dianlolld Iilcralurc rcgardin:  its e l ec t ron ic ,
optical, and mechanical propcrlic,s, there. is rc.l;i[ivcly li!tlc
in dm way of sJmtlcr yickls, ard none to our knowlc(lgc
stwcifically for bornt)ar[lrnc.nt with xcnorr aI c.ncrgic,s  Ic.ss
tlm 1 kc.V.

‘1’hc feasibility of using diamond flln)s as an clcclro(lc.
n)ak.ria] for i~l) thlllstcls k dclw.ll(kn[ 111)011 a II OII1[)N of
malcrial propcrlics in addition (0 the spullc.r yic.fd. “1’hcsc.
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irlcludc Ihcrmal conductivity, electrical cmductivily. and
cocfficicnl of thcrrnal expansion. “I’t Icsc l)ro~)crlic.s lIavc
been cliscusscd in a ]Kcvioos l)a~)cr [2] in addition to
fat)r icalion issue.s and relative erosion ra[cs al c.ncrgics of
500” and 750 cV. In this papm, wc prcscnl  rcsulls for the
at mlulc  spuucx yic.td, ard corrcslmndin~ crosiorl rate, of
diamond subjetl to xcnorl ion botnhar(irnc.n[ al cllcrgic.s of
150, 2S(), 500, and 750 cV. While. polycr yslallinc
dialrloll(i was our ])rimary irltcrc.sl, wc. were also irlmrcstcd
in ils yield rcla[ivc 10 Irlolybdc[lunl arid carlmrl-cartron
colllpositc., both in u$c a$ clcclrodc nlatcrials.

J1. ~ix~~ritncni

An irnpor[anl considcratiorl when conducting sputtc.r
y i e ld  rrlcasurcrrlc.rlls is 10 rnirlirnizc. ll]c ir]flucncc  of
residual Pacility gasc.s. I’rc.vious work suggc.sts Lha[ the
prc.scncc. of nilrogcn can lower lhc erosion r[ilc. of n}cl:ils
whcmas crxygcn has bcm shown [o incrc.asc the erosion
ra[cs of carbon based materials. Rcac[ivc ion c[ching is
onc [c.chniquc. which has hc.ctl used successfully to Ctch
s[r ~lctllr~s in diaruond, lrl this tcclllliquc. a Noz fW Jcl
ilici(ic.rlt on a tfi:irnond s~lrfacc is used wtiilc Ihc largct is
urldcr bornbardrnc.rit wi[ll ? kcV xcrmrr iorls [4]. T h e
incident ions in this case provide. the. ac[ivalion cllcrgy
required m form (’() and (’0? volatilcs.  h4ininli7. ing
colll:llllirl:ltiorl is (Ilc.rcforc Csscrllial to rcducc. lhc chances
of rcaclivc.ly eroding Itlc carbon mrgc.ls and oblairlitlg
arlifrcially  hi~h sputter yields. l;or these rcasorls the
prc.scnl (c.s1 was corlductc(i in a facility cal~ablc  of
relatively low ultimate. I)tcssurcs.

‘1’hc syslcrr) [rsc.d  was arl llllra-tligl]-v:icll~irll chamhcr
v,’ith a 3 cm Kaufmao ion soorcc (Cg!mon wcalfl!
~~i~nl~[r; ~Qrp.) ~lr)rrrlal]y [Iscd for sp(lt[cr dc.f)ositi~n. ~“t~c
vacuum chanllwr gcon)clry is dc])iclcd in l;ig. 2. ‘1’he
systc.in is punll)cd with a lllrlK)rIlc>lcclll:ir I)urnp (1 15
1,/see) backed by a small mc.chanical  puJ])p (().8 I dsc.c)
down illlo the 10-4 l’a (10-6 ‘1’on ) ran~c ard Ihc.n with a
b“ cryopump  (1 S()() 1./see) 10 Ihc 1()- J Pa (1()-9 “1’orr )
rarlge. ‘1 “he. base arid lc.s1 ~mcssurcs for each of the cam arc
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sun~mari~.cd  in ‘1 ;Itjlc 1. As an addi[ic)ll:il mc.asurc., Ihc
ch:imbcr was hakcd al ovc) 1O() C every Cvcning for
several hours.

Onc drawback of using a chamber lncasurirlg
al~p~oxinmtcly  12 inches high by 15 inches wide is the.
rc.ialive in flcxibili[y of sample and probe place.rncm. The
sample.s were. located approxirnalciy  ?.6 inches
downstream of the source exit plane, Although this
resulted in rcla[ivcly high incidcmi curfcnt cic.nsitic.s, ami
hem-c shorter ml li mcs, il also rcsut Ic(i in some mn-
uniformity of the ion currcnl profile ovcx lhc saln~)lcs.

‘1’he prc.scn[  cxpc.rimcnmt approach inrlu(icxi ccntcring
tim probe on ihc l)t)i[ll of maximum curl~llt dcmsity in the
beam. ‘1’his also introduces a non-normal iI)cidcrlcc  angle
into tile cxpcrinlclll. In addi[ion, divcr~c.ncc  of the ion
beam :ilso i[lcrcascs Ii)c. angle of illcidcncc. ‘1’hc al)glc. of
lhc targcl lllOUTlt with respect 10 the source ccnlcr-]illc is
listed in ~’at)lc 1 along with the divcr~c.ncc. angle. A
rcasonahlc cslima[c of the. inci(icllcc aIIKlC at lhc large.1
(nmasurc(i from ti]c surf:icc. normal) is li)c. sunl of time
two angle.s. Unforluna[c.iy, wc do not ilavc data for [iic
nloulll angle co] Ic’spending to lilt 5(K) CV case, but florn
the data at Ihc oltm  cllcrgics il is likely lim mount allglc.
was twfwc.cl) 6 all(i 12 dcgrc.e.s. “1’hc.  incidcllcc angle. w:is
thcrcforc. sonic.whc.rc in tile range of 9 10 2.2 dcgrccs
allowinx for the. urlccrlainly in ti]c dive.rgcncc angle..

‘1’hc I)rc.scl]l wmk uliiimd  lhc tcchniquc where the.
(icplh of liIc crodc(l v a l l e y  ill li]c target matcwial is
mcasurc(i  with a micro-stylus or profilomclc.r. One.
assunl~}tion inimcllt  in Itlis approach is that the. vallc.y
dcjlh rcprcscnts  an avcragc4i voiumc removed pcr unil area
where ill fact il mly rcl)rcsc.nls lhc cr(xlcd profile. at Ilm
iocalion wilcre [he. trace. is t:ikc.r). A [rllC average would
rc.quirc. mulliplc ~)lofilon)ctcr scans and [hen arI il][c,g[ation
of Ihc “slices” to calcula[c  lhc crodc41 volunm. “1’hc dia~llinl
in l:ig. 1 iltuslra[cs the rclcvanl dimensions usc(i in tile
c:ilcula(ion of cmxlcd dcp[h. Mcmuriilg [hc dc])[t] only al
li)c. ccx)lcr of lIIC valley (iocs ]ml a(icqualciy take inlo
accoun[  llIc ])rofiic of lhc valley walls whici) may not bc
valical. 11 ww fould that [hc molytxicnu[n  lc11(lc41 10 tlavc

nlolc vfa  licai walls lhan t h e  polycryslaliinc.  (iiamond i n

w h i c h  ltm vaiicy walk slopcci gcn[ly. II) order 10 calcuiatc
a St]u[lcrcli voluli)c. ]Kr unil arc:t, or mean cffc.clivc dc~)lh,
lhc (icl)lil pl ofilc was intcgralcd according m

“1’hc  t[accs oblaincd from the profilomctcr  were
Scallrlcd inlo a complltcr arid digit iz.cd. 11) add i t ion  10
f:icililating lilt inlcgra[ion in l:.q. 1, Iliis (iigitizc(i nlcsa-

vail(’y-lllCs:\ p r o f i l e  cL)IIld  k sul~jcc(d I(J s[atistic:il

alm]ysis 10 quarllify surlarc rougllnc.ss.

[

I
I

\
y(x) ;

Id.y

d[.?arKCxl Xr

};ig. 1 .  SchcJnalic  o f  profilolnclcr”  lracc
iliuslraling mesa curve fit which (icfincs
(iahnn  for dci)[tl IIlc:isllrctllcrlls.

A lcas[ squares Iinc fit ttirough the ]ncsa ]x)ints
c.slablishc.s a (ia[uln, J’(x) m,an, from which lhc valley
(ir])th al each x Ioca[iol] can i)c IncasuIc.(i.  ‘1’here is a
s[andard  (icvialion :issoci[ikxi wili] this iinc fi[ as a rcsoll of
ll)c mesa surface. roug]lncss wilich is incoqx)lalcxi inlo Iilc.
ovcrali unccr~ain[y Cslilnatc. ‘1’IIc cffcctivc (icl)lh /iqT i s
Itwn used 10 calculate lhc nunlhcr /V~of l~ilgcl aloms
rL’Inovcd  1~.r u[lit area;

NNA , p}lcfl --; (2)

where Nap,, i s  Avogadro’s numbm, ~ thr rl]olccu]ar
vfcighl, an(i /2 li]c Iargcl (icnsity. ‘1’tlc. VfI]UC.S for tile
sam}}tc dcrlsily used in calculating ti)c yicl(is  were 10.2
g/cn13 for molytxic]lun), 1.65 g/cn13 for c:irbor]-carbon,
and 3.5 pJcn13 for [he CVI) di:inmd  M.cause of difficultly
IIlc.:isurirlg llIc. CV1) sanl~)lc v o l u m e  (he dcnsily w a s

c.stirllatcd  to  bc that o f  s i n g l e  crys(ai (iian]o]l(i. SI\M
illlagin~ of [he. sam])lc did l]ot rcvc.al any cvidc.rxc of
~wrosity indicating this is a g(xd assurnl~tion.

A ~)lanar probe UI:IS USC(1 to measure CUI ICII( irlci(lcn[
on [hc target. ‘1’his ])rot)c SUI face was a 0.(K)3° (Iiarnc.lc.r
Iurtgslclt (iisk which VJ:is biasc(i to ?5 V Mow facility
ground (0 rc~wl cfcclr(xls. “i’ilcrc arc several cffc.cls whici]
colllribule  to the c.xi~rilnc.lllal uncertainty ill the rc.porlc.(i

rllciis~lrcrllc.r~ls,  “1’iIcsc i[lcludc scmr](iary electron cnlissioIl

fr(m  [hc Jmk :{s well :Is collection of [iouldy ioniml gas

a[oms  :ind  cll:irgc.  cxchangc, ions, ‘I”hc. IIlc;isurcxi  cur[c.nt  was

coI Icclcxi for secondary clcclron Cnlission using (iala from
Ref. 3. “l”his cor[cclion” is small (1 .4-1.5 Pcrccrll) for Ihc
tur}gslru) probe msc(i, A g:~s uliliza[ion c. fflcicrlcy an(i ratio
of (Ioubtc  10 singic iml cur[c.rll  was calcula[c4i  for C:ich Case
using liIc IIIclixKiok)~y (ic.scrilxxi irl Rc.f. 10. “1’hc ICsults of
lhcsc catculalions  arc shown in “1’at)k 1.
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llcxau.sc the tmc  pressure for tbcsc MM w:ls r~’lalivcl y
low, the (tominant sourm of gas atoms which arc available
to bccomc. charge cxchangc ions will bc dm unioni7cd
xcmrn from tbc {Iischargc chamber, a fraction of wb ich
will driii  out through lbc. grids and ilt(o [be. beam. ‘1’hc
ratio of tbc beam current 10 the total  gas mas flow rate
(cxprcssc(t  as a currcrn) is lhc gas uliliz.ation efficiency.
]:or commercial ion sources usczi primarily for sput[cr
deposition (as opposed to propulsion), this cfficic.ncy can
bc quilt low mulling in sig[]ificant loss of Unioliid ga$
llMOUF,II (hc gricls. If the charge cxchangc currc.111 is a
significant fraction of lbc. collcctcd current, a correction
musl lx. rnadc 10 avoict ovcrcslirnaling t h e  dmagc o f
crm gc[ic spuucring ions. “1’l]c total current collcctc~l at (1]C
probe is given by

wlwr~~ .l~ is the c.nc,rgctic beam curl cat, 72 llIC sccoodal y
c.tcciron crnission cocfficicr][,  and Jc,, the currc.r]t duc to
charge cxchangc. ions. Dc.carrs concisrcally  intc.rcstc.d  in
dosri~cs, the currcnls arc iritcgratcct over lhc duration of the
cxlwsurct  mohklin  an expression for Lhcmlnl ddivcrcd
char~c Qhduclobcm ions.

[
,+]-i, pp(w-pc,,(wQ,, = -

0 1 (3)

I’hc first integral in the brat.kc.(s rcprc.w.nts  the uncorrc~[c4i,
rcmrdcd  probe. cur-rent. ‘l’his was intc.grated graphically
fron] the strip charl data for lhc probe. I’hc sczond integral
rcprcscn[s dlc dosage of charge c,xchangc  ions and
gcrwrally is 1101 known as a function of time.. Analysis
willl~~:ir(iclc-ir]-cell (P1~)corll~lu[cr  sirlllllalic)rls wcrcumt
to c.slirnatc. the charge cxchangc current at least to Om right
ordc.rofmagnitudc. Bascdon  dlc.wcalcul:ltior]s:]  constanl
val IIc for tbc cbargc. cxchangc  currcnl  equal 10 IO ]mccrll
of ttrc mean (averaged over lhc test duralion) cncrgctic
curlcvll dcnsily  was u.scd.

Rc.cause tbc probe will count the arrival of a double ion as
Iwo single ions, i{ is ncc.cssary to c.alculalc the cquivalcnl
single ion (tosagc al lhc largct. In lcrrns of lhc doub]c 10
single ion currcn[ ratio

wc can cximss lhc do~~gc of single and doub]c ions as

‘1 ‘tw to[al dosage of c.ncrgc~ic, slmllc.ring, imls al the larp,cl
is [hen

‘=’:(Q’’2 ’+) (4)

‘1’hc yic.ld is then givcm by the ratio of atoms removed 10
incidcn[ cncrgclic ions;

(5)

w h i c h  CaII bc cxprcsscd i]] [crrns of the. prc.vious
cxl)rc.ssions  as

)lefl
y=-, 1- ‘-

P~No.o(l : Y, )(1 + .gi ). (6)

(p(f) (it - J=c,z) M(I+ !:)
o

where a conslalll charge cxchangc.  curlcnt has bc.cn
assu]ncd. Although [he. yic.lcl given by l;q. 6 is corrcclc(i
for rtoublc ion (iosagc irl terms of lhc nufnbct  of inci(icn[
iorrs, it dots Imt ccrrrcct for dattlagc causc(i by the double
iorls whictl iini):ic( wi[h [wicc IiIC energy. ‘1’bis is a much
rnorc dill rcull corrc~liml 10 make since onc would have 10
have son]c knowlcligc  of tiIc yic.ld as a function of crlcrgy
which is what is being calcula[cd.  As sczn in ‘1’able. 1, for
lhc operating conctilions usc(i in lhcsc UXs, lhc fraclion of
doub]c ions was insignificant,

In tlmc cxpcr’inlcnts tbc probe (and target) was im alCX!
only 6.6 cm (2.6 in) from the source.. Wi[h the target arl(i
source. in such ]]roximity, a potentially significant
unccrtain[y in lhc mcmurcd  current is irltroducc4t by non
urli forrnil y of the beam profiic. IMring  the cxpcrimcnt,
tllc probe is ccrlmc.(i on the poirll of maximum currcl]t in
tllc hcarll. ‘1’his was chcckc~i  at various tirnc.s durinK lhc
cxj~clinlcnl by moving the probe slightly and obscrvirlg
tllc probe c urrcnl. l’hc. eroded porlions of the sarni)ic.s arc
iocalc4i wilhin a 1.27 cm (().5 ir]cil) (iiamc.tcr circic ccr]lcrc<i
or} tiIc probe. Non uniformity of the beam rc.sulls irt IiIc.
currcn[ (icnsity dccrc.asing away from the probe. ‘1’his
silualion was worscmxi by iocaliz.c.d rxosion of tile ion
source. accc.tc.ralor gri(i resulting in dm cornplctc c.rosion of
tlIc wc.bl)irl~ joining a group of 4 or 5 hoics  (out of a t(n:il
c)f 4-/5 hoic.s) in lhc gri(i. I’ilc  rc.suiling pcrlurba[ion in the
bcarn syrnmctry was noticeable in a subscquc.nt mapi)ing
of lIIC currcllt profile. 1’0 cone.cl [hc dose calculation for
beam non uniformity, the density profiic maps were usc.d
to cslinlalc. the incidcnl curml at the cxposcli  sami>lc as a
fraction of (hc probe or maximum beam, mmcnt.
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‘1’hc yield nwmurcd  for nmlybdcnum  is prescnlcd  in
Fig. 3 along wilh data from Ro.scnbcrg and Wchncr  15] and
Wcijscnfcld  c1 al. [6]. 11011) of the.sc previous sludics used
plasmi sources to provide lhe. inc.i(fcnl ions and uliliml
n~cmurcmm[ of target mass loss to dctcminc the quantity
of spultcmd  material. Although a quanlilalivc com]mrison
is difficult without uncc.r lainly Cslimatcs  for the. carlic.r
work, Ibc yic.lds calculated here arc set.n 10 bc glcalm by a
factor of 1.3 at 750 c.V up 10a factor of 3.1 at 150 cV.

‘1’hc most significant di f fcrcncc bc.twcar tlm prcscm[
work and the..sc c.alicr cxpc.rimcn[s  is that in the prcse.n[
work the, tiWgCLS  were bombarded al non-normal incidence.
In a sludy of the cffcr.t of incidcncc angle on spullc.[ yields,
Wchncr (Ref. 9) dclcmincd  that metals gcmrally fall into
rmc of thrc.c classes; those exhibiting a 1) “very slight
angle cffcc(” , 2) “modcra[c angle effect”, and 3) “very
pronounccxl Cf(cLt”. ‘1’hc (bird group include.s iron,
tantalum, and nlolylxlcnrrm. Wchncr’s data incjudcs sputter
yields for n}olybdc.num as a function of incidc.l)cc angle
suhjc.cl [0 heavy ion sputtering (}lg+ ) al cncrgics of
200cV and 800cV. ‘l’his dala was used to dctcnn inc an
empirical relation for tbc ratio of Ibc yickj al some angle
rc.lativc to tha( for normal incidcncc. as function of anclc

and energy;

Y(o)
—= f(o,l;) 0“ <0<30”-i(())

‘1’hc. da~a corrcc[c.(i  using thing this crnpirical rc.lation
is shown in J:ig. 3. ‘J’hc sensitivity 10 incidc]lcc angle

suggests Ibis is a Iikdy source 01 llIC difference in lhc
prc.sent resul ts  will] lhosc of the prc.vious work. Olhcr
possib]c diffcrcnccs  include secondary clc.ctron emission,
c}mrgc cxchangc., or double ion crrrrc.nt collection.

At low c.nc.rgics (< 1 kcV) Ihc secondary c.lcciron
emission is roughly conslan( and lc.ss than 2 pcrccmt  of the
beam current for xc]lon incident on the mllgslcn probe [31.
I’his rcj)rcscnts only a small uncertainty. The tcchniquc
used by Wc.hncr in this previous work, name.ly biasilig a
target substrate in a plawna would not induce a hirgc
charge cxctmngc. currcn[ since Ilm acceleration of the i(nls
occurs over a rclativc,ly small volu]nc (sheath). As a result
it is unjikcly that hc was collc.clillg a sigt]ificant  chalgc
c.xchangc curlcnt  which hc did 110( correct for. Finally,
with rc.spccl to damage  duc to double ions, from the. last
two columns in “1’able 1, it is evident thal in the prcscllt
C.xlminlcnt the ro]c of double ions was Ilc.gligiblc.. This
eliminates the POssibilty that double ions with twice the
kinclic energy could account for tlw highc.r yield.

‘1’hc, absolute yic.ld data for all lhrc.c materials arc
prcscnkd  in  F ig .  4 ,  ‘1’hc carlml-carbon  yic]d incrc.ascs
monotonically with energy, as cxlw.ctcd from prcvlous
invc.stiga[ions with graphite. [5]. lJnjikc graphite, tl]c.
carbon-carbon composi[c  consists of graphitic fibers
woven top,cthc.r in a carbonaccms  matrix, which is in lmrt
graphitic and parl glassy c:ilbon [7]. Al though lhc.sc
tar~cts w’crc polislmi before Ics[injt, cxaulinalirm of IIIc
profijolmlc.r triiccs rcvc.al all inc]c.asc, in surface roughnc.ss
aftc.r exposure to the beam, probably resulting from Iocaj
v a r i a t i o n  i n  yic.ld  duc  t o  rlorl}l(~l]logc]l:iitics it] t h e

nlalcrial.
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‘1’able  1. Base and test pressures, calcwlatcd  discharge gas utilization
efficiency and double  to single ion current ratio.

1 {ncrgy Base  Press. ‘1’cst 1’ICSS. Gas Lltiliz.ation J 4,
1 {fficicncy ‘J ‘

(Cv) (’I’m x 1(~)) (1’011 x lo~)

150 7.7 2.1 0.022 ().00097
2 5 0 1.1 2.1 0.06-/ 0.00264
500 -... 1;!() 2.1 0.088 0.00326

7 5 0 . . 2..1 ().()91 0.00340
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l:ig. 3. Comparison of molytxicnum  yield wi[h data of Wcijsmfcld  and
Roscnbct-g  illustrating prcmmnccd  effc.ci  of imidcncc angle.  lncidcncc
anglcsforprcscnt  work arclistcxl  ir]’1’at)lc2.
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liig. d. Sputter Yields for Molybdenum, Carbom Carbon  composite, and CVII IIiamo]]d
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I’hc yield rllta for the polycrystallinc  diamond is lower
than cxpcckd  a[ an energy of ? 50 CV where it deviates
from a monotonically increasing function. Incidence angle
data for polycrystdlinc  materials in the kcV mngc suggest
a Cos- 1 dcpcndcncc  [8] in which the yield incrcascs wilt]
incidcncc angle. Referring to ‘fhhlc 2, an incidcncc angle
for this case of 17 dcgrc~s  would result in a yield close to
10 pcrccnt higher than that at normal incidcncc and
lhcrcfor  cdocsno taccoun lforthclowcryicld,  ‘l”hclowcr
than cxpcctcd  yield is likclyduc. [ocffcmof thcsurfacc
topography of the sample. l-o invcsligalc this possibility,
the .samplc was imaged with an SIIM in the eroded valleys
tori’csponding 10 each of the lCSIS. I’hc.sc photogra])h.s
reveal a largcrdc.nsily of pits in Lhc surface used for the
150 and 250 CV tests, ‘1’his face of the sample c.orrcsponds
10 the firsl layer grown in the deposition process which
maycxplain thchighcrdcnsity  of pits. II ispossiblcthcsc
arc areas whmc the crystallitcs had not completely covcrcd
thcsubstratc  during thcgrowlhproccss.  lnparticular,  (he
valley corresponding to Lhc test at 250 CV is seen to be
noticeably rougher with a higher surface density of pits. In
gene.ral the yields for rougher surfaces tend to be Iowcr due
in part to rc-deposition of spuucrcd material along side.s of
surface fcalurcs.

‘1’able 2. Mean current dcnsitiy at tm’gcl
:il]d incidcncc angle (from normal)
avc,r:igcd over tc.s( duration.

IiJ)cxgy J
j;;: ___(n]A/cf12)

__ 0.27 ~1- 0,02
250 __o.71 +/- 0.05.
5(X) . .163 +/- 0.34
750 2.56 +/- 0.54

I;or crlginczring calculatiolls

lncidcncc,  AJIglC
((ted

10.2

the erosion rate is of[c.n

a more mcanigful way to present comparisons of
sputtering data since orlc does not have to correct for
differing Irlatcrial dcnsilics to assess relative pcr[rrrmancc.
I’hc erosion rate is related (o the sputter yield by [he
following rclalion;

(7)

where ~ is [he  mean currcn( density average.d over I}IC.

duration of the exposure. This can be determined from the
previous cxprc,ssion  for the dosage of cncrgc[ic ions by

(8)

T’hc erosion rate results for [he three materials arc
prcscnlcd  in Fig. 5 with value.s normalized 10 a current
density of 1 n]A/cn]2.

Y~Q!Idt4SiQ!13

Sptittcr yields were measured for molybdcnurn,
carbon-carbon, and polycrystallinc  diamond subject to
xenon ion bon] bardmcnt in the energy range of 150 to 750
Cv . Erosion rates were calculated for each case
corrcspondirrg to a normalized  C.U! ICJI( density of 1
n~A/cn~2. 31)c ratio of erosion rate for diamond relative to
nlolybdcnrrm and carbon-carbon is lislcd in “I”ablc 3. I’hc
r:itio al 250 cV is high duc 10 ttic lowc.r than cxpcctcd
erosion rate of lhc polycrystallinc sample as previously
di.scus.scd. The conclusion from these. n~c.asurcnmrts  is that
CWIJ diamon(i ciin decrc.asc the erosion rate by roughly 40
pcrccnt rctativc to carbon-carbon, and 85 - 92 pcrccnt
relative 10 molybdcnrrm.

I’:iblc  3. Ratio o f  Ilrosion  r:itcs  f o r
molybdenum and carbon-carbon relative to
diamond.

Energy
(Cv)

150
250
500
750

A’A’c
ri,,ti

6.8 +/- 3.s
10.8 +/- 3.5
12.s +/- 3.5
11.8 +/- 3.5

kc. ~~.. .
}<I,h

1.8 +/- 1.3
2’.4 +(- j_.3
1.6+/- 1.3 _
1.7+/- 1.3

As was discussc.d in Ref. 2, two :ipprachcs arc under
consirtcration  to utili~.e the lc)wc.r c.rosion rates for
diamond. Onc is to coal a molybdcnilm (or possibly
carbor)-carborr) grid with a diamond film, the second is to
f:ibricatc. the grid from a relatively diick (1 mm) free
stariding film. “1’hc extent to which grid life.tirnc can bc
incrcascd  will strongly dcpcr)d on which of these I.WO
approaches is adoplcxl bccaLisc a cwiting tc.ns of microns
thick will cvcrl[ualjy  be eroded throu~h. }Iowcvc.r, given
t}lc numbc.r of con~J>anics  whicli currently perform high
qu:ility di:immld film coatiilgs (c.spccitilly on rnolybdcnurn
subs~ra[cs), the hcncfits in iliclc:i$cd Ii fclirilc sliggcslcd  by
the d:ila arc wor h Pcrsliing.
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